To differentiate between frozen-thawed and fresh broiler breast fillets, different methods such as optical microscopy and measurement of drip loss, pH, torrymeter and K-value were performed. A total of 10 samples of fresh and frozen-thawed breast fillets were stored in a refrigerator (4 o C) for 5 d. Optical microscopy of the frozen-thawed breast fillets found structural changes caused by ice crystals, which may have significantly increased drip loss compared to fresh breast fillet. The pH and K-value could not be distinguished between the two breast fillets during storage. However, the torrymeter values of the fresh and frozen-thawed breast fillets were significantly different (p<0.05). The results indicate that both optical microscopy and torrymeter measurement can be effective methods for differentiating between fresh and frozen-thawed breast fillets. However, optical microscopy may be difficult to implement in the marketplace since it requires much time and effort. Thus, the determination of the torrymeter value is the easiest and most rapid instrumental method among those tested for the differentiation of frozen-thawed chicken breast fillet from fresh one.
Introduction
Chicken meat occupies a large part of protein consumption in Korea. The per capita consumption of chicken meat was 12.7 kg in 2009 (Korea Chicken Council, 2009), and this rate is higher than those of pork and beef (Choe et al., 2009 ). Chicken meat is distributed in the marketplace in both fresh and frozen form, although almost all imported chicken meats are frozen. Freezing of meat has adverse effects on meat quality, specifically textural and nutritional deterioration (Addis, 1986) , although it is an efficient way of increasing shelf-life. As such, fresh chicken meat is preferred by consumers and sold at a higher price than frozen meat. For this reason, frozen-thawed chicken meats sometimes illegally mixed with fresh ones and sold as fresh chicken meat. This fact may cause distrust in consumers and eventually affect domestic industry, which is already encountering obstacles due to the impending Free Trade Agreement and other external environmental changes.
To prevent illegal sales and to protect consumers, a proper method for the differentiation between fresh and frozenthawed chicken meat is necessary. An enzymatic method using 3-hydroxyacyl-CoA-dehydrogenase released by the disruption of mitochondria was reported to distinguish between fresh and frozen-thawed meat (Gottesmann and Hamm, 1983 ). In addition, several methods, including DNA-based techniques, spectroscopy and microscopy (Al Jowder et al., 1997; Carroll et al., 1981; Grayling et al., 1996) have been developed for this purpose. However, these methods are not entirely applicable to a real market setting due to their long operation time, high cost and need for trained personnel. Therefore, the development and evaluation of an easy, rapid and reliable differentiation method between fresh and frozen-thawed chicken meat is urgently needed.
Therefore, the objective of this study was to identify an easy, rapid and reliable instrumental method for the differentiation between fresh and frozen-thawed chicken breast fillets among current techniques. 
Optical microscopy
To measure the histological changes of chicken breast by freezing, the microscopic analysis was performed at storage day of 1, 2, and 3. At each day, samples were cut (0.5×0.5×0.5 cm) and fixed with 10% formalin for 24 h in isopentane chilled with liquid nitrogen (-160 o C). Thin transverse serial sections (5 µm thickness) were sliced using a cryostat, mounted on slides and then air-dried (40 o C). Sections were stained using Hematoxylin Eosin Safran coloration to visualize overall muscle structure. Observation was performed at 200-1,000 × magnification using an optical microscope (BX51, Olympus Co., Japan).
Drip loss
The whole breast fillets (right-side) were left for 24 h at 4 o C, after which the drip loss was measured by weighing the samples and comparing with the initial sample weight. Drip loss was calculated by the following equation.
Drip loss (%) = pH
The pH of the sample was measured for 5 d at 24 h intervals. Breast meat (1 g) was then homogenized (T25b, Ika Works (Asia), Malaysia) in 9 mL of distilled water at 1,130 g for 1 min. Then, the homogenate was centrifuged at 2.090 g, after which the resulting supernatant was used to measure pH using a pH meter (750P, Istec Co., Korea).
Torrymeter measurement A torrymeter (GR Torry Fish Freshness Meter, Distell Industries Ltd., UK) was used to directly measure the electrical properties of the breast fillets stored at 4 o C. Two sensors of the torrymeter were placed firmly against the outside skin of each the left breast fillet in order to eliminate air pockets between the sensors. The torrymeter gives a response ranging from 0 (advanced decomposition) to 16 (very fresh).
K-value
The breast fillets (1 g) were homogenized (T25b, Ika Works (Asia), Malaysia) in 5 mL 0.7 M perchloric acid at 1,130 g for 1 min. The homogenate was centrifuged again at 2.090 g, after which the supernatant was filtered using filter paper (No. 4, Whatman Ltd. Kent, UK). The filtrate was placed in a test tube (50 mL) and adjusted to a pH of 6.5 with 7 N KOH. This solution was used for measurement of the K-value using a freshness checker system (HF-1000, Hutech Co., Ltd, Korea). The manufacturer's instructions for obtaining the K-value are as follows:
Abbreviations: ATP: Adenosine-5'-triphosphate, ADP: Adenosine-5'-diphosphate, AMP: Adenosine-5'-monophosphate, IMP: Inosine-5'-monophosphate, HxR: Inosine, Hx: Hypoxanthine
Statistical analysis
Analysis of variance was performed using raw data, and the mean values and standard deviations were calculated using Statistical Analysis System (SAS, 2002). Differences among the means were determined by Duncan's multiple range test with significance defined at p≤0.05.
Results and Discussion
Optical microscopy Freezing is generally known as an effective method for increasing the shelf-life of meat with relatively small deteriorations in quality. However, freezing is still accompanied by certain morphological changes (Do et al., 2004) . Frozen-thawed breast fillets underwent extension of the spaces between its muscle fibers compared to fresh breast fillets (Fig. 1) . During the freezing process, the space between the muscle fibers became larger and the myofibrils collapsed. These changes are in good agreement with previous reports (Do et al., 2004; Ngapo et al., 1999; Zhu et al., 2004) . These reports indicated that the histological changes in muscle structure caused by freezing are due to ice crystals that are created during the freezing process, which then induce deterioration of tex- 
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× = tural quality by dripping after thawing. The size of the ice crystals is related to the freezing conditions and time (Ballin and Lametsch, 2008) . Hansen et al. (2003) reported that increased drip loss caused by the freeze-thaw process is a necessary result, although it can be reduced through modification of the freezing rate and conditions. In the present study, the drip loss of frozen-thawed breast fillets after storage for 24 h at 4 o C was 3.36%, which was significantly higher than that of fresh ones (0.99%) (Data not shown). However, the difference in drip loss between fresh and frozen-thawed breast fillets was not consistently significant thereafter. Increased drip loss is observed not only for chicken breast but also for beef and pork (Amvrosiadis et al., 1994; Hansen et al., 2003) . These authors demonstrated that frozen-thawed beef and pork demonstrate structural changes in muscle structure due to ice crystals formed by the freezing process, resulting in increased drip loss. Increased drip loss of meat may depreciate the nutritional quality because drip contains much of the proteins (Fischer, 2007).
Drip loss
pH value
The pH values of fresh and frozen-thawed breast fillets were not significantly different during storage, except for 1 day (Fig. 2) . This result may be due to the short freezing and storage time. The torrymeter values of fresh and frozen-thawed breast fillets were significantly different throughout the entire storage period (Fig. 3) . The average torrymeter value of fresh breast fillets over five days was 11.2, whereas that of frozen-thawed ones was 2.2. The torrymeter value of fresh breast fillets was significantly decreased with increasing storage time, whereas that of frozen-thawed breast fillets remained steady. Nishimura and Lee (2004) reported that the torrymeter value of chicken breast meat gradually decreased postmortem. Additionally, the conductivity and permittivity of meat decreased with increasing storage time, resulting in modification of the electrical properties of the meat tissue (Ghatass et al., 2008) . During frozen storage, meat tissue is destroyed due to increasing permeability of the cell membranes resulting from the decomposition of proteins caused by autolytic and bacterial activity. In addition, cell death generates mixed extracellular and intracellular fluids containing ions (Ghatass et al., Different letters between treatments on the same storage day differ significantly (p<0.05).
2008). Due to the above reasons, the torrymeter value can be used to assess meat freshness related to spoilage. Further, the difference in torrymeter values between fresh and frozen breast fillets may be due to the destruction of the tissue resulting from ice crystals formed during freezing, which decrease the conductivity and permittivity of the sample.
K-value
The K-values of both the fresh and frozen-thawed breast fillets were significantly increased with increased storage time (Fig. 4) . The fresh and frozen-thawed samples were significantly different in K-value at days one and three only. Postmortem, nucleotides in the meat are degraded. K-value is expressed as the proportion of inosine and hypoxanthine to the total amount of ATP and its degradation products. Saito et al. (1959) ) reported that IMP degradation in frozen meat was slower compared to fresh one. Therefore, the results indicate that the K-value could not be a reliable method for identifying frozen-thawed and fresh meat, since it changes depending on the storage time and conditions.
In this study, we evaluated several current methods for the differentiation between fresh and frozen-thawed breast fillets with the goal of protecting the domestic industry and consumers. Optical microscopy was able to differentiate between fresh and frozen-thawed breast fillets; however, it may be difficult to apply in a market setting due to time and personnel constraints. The pH and K-value did not provide satisfactory results for the differentiation of frozen-thawed breast fillets from fresh ones during storage. However, torrymeter value was found to be one of the most effective and reliable screening methods for differentiation between fresh and frozen-thawed chicken breast fillets. Different letters between treatments on the same storage day differ significantly (p<0.05).
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Different letters among storage days with the same treatment differ significantly (p<0.05). Different letters between treatments on the same storage day differ significantly (p<0.05).
a -d
Different letters among storage days with the same treatment differ significantly (p<0.05).
